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
(QULTXH*$UWHUR
3RVWGRF 5HVHDUFK )HOORZ $UHD RI 3K\VLFDO (GXFDWLRQ DQG 6SRUW 8QLYHUVLW\ RI $OPHUtD
$OPHUtD6SDLQ

'XFNFKXO/HH
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:KDWLVDOUHDG\NQRZQDERXWWKLVVXEMHFW
7UDGLWLRQDO ERG\ DGLSRVLW\ PHDVXUHV VXFK DV %0, RU ZDLVW FLUFXPIHUHQFH DUH VWURQJ
SUHGLFWRUVRIREHVLW\UHODWHGPRUELGLW\DQGPRUWDOLW\
%RG\DGLSRVLW\LQGH[%$,KDVEHHQUHFHQWO\SURSRVHGDVDQHZPHWKRGLQWHQGHGWRHVWLPDWH
SHUFHQWDJHRIERG\IDWZLWKRXWUHTXLULQJDPHDVXUHRIERG\ZHLJKW

:KDWWKLVVWXG\DGGV
7KLVVWXG\DQDO\]H WKHSRWHQWLDOXVHRI%$,DVDPRUWDOLW\ ULVNSUHGLFWRU VKRZLQJ WKDW%$,
ZDVQRWDEHWWHUSUHGLFWRUIRUDOOFDXVHDQG&9'PRUWDOLW\ULVNWKDQWUDGLWLRQDOERG\DGLSRVLW\
PHDVXUHVLQDVDPSOHRIDGXOWPHQHQUROOHGLQWKH$&/6
$VVRFLDWLRQV EHWZHHQ %$, DQG WUDGLWLRQDO &9' ULVN IDFWRUV ZHUH VOLJKWO\ ZHDNHU WKDQ IRU
WUDGLWLRQDOERG\DGLSRVLW\PHDVXUHV

$%675$&7
2EMHFWLYH 7R HYDOXDWH WKH DVVRFLDWLRQ RI ERG\ DGLSRVLW\ LQGH[ %$, ZLWK DOOFDXVH DQG
FDUGLRYDVFXODUGLVHDVH&9'PRUWDOLW\ULVN
'HVLJQDQG0HWKRGV7KHFXUUHQWDQDO\VLVFRPSULVHGDGXOWPHQZKRHQUROOHGLQ WKH
$HURELFV&HQWUH/RQJLWXGLQDO6WXG\DQGFRPSOHWHGDEDVHOLQHH[DPLQDWLRQGXULQJ
$OOFDXVHDQG&9'PRUWDOLW\ZDVUHJLVWHUHGWLOO'HFHPEHU
5HVXOWV'XULQJDQDYHUDJHIROORZXSRI\HDUVPDQ\HDUVGHDWKVRFFXUUHG
 &9' GHDWKV $JH DQG H[DPLQDWLRQ \HDUDGMXVWHG KD]DUG UDWLRV +5V DQG 
FRQILGHQFH LQWHUYDOV &,V IRU DOOFDXVHPRUWDOLW\ ULVNZHUH KLJKHU IRUPHQZLWK KLJK
YDOXHVRI%0,+5 &, ±ZDLVWFLUFXPIHUHQFHDQG
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SHUFHQWDJH RI ERG\ IDW %)   EXW QRW IRUPHQZLWK KLJK YDOXHV RI%$,
7KH+5VIRU&9'PRUWDOLW\ULVNVZHUHKLJKHUIRUPHQZLWKKLJKYDOXHVLQ
DOODGLSRVLW\PHDVXUHV+5VUDQJHGIURPWR0RVWRIWKHVHDVVRFLDWLRQVKRZHYHU
EHFDPH QRQVLJQLILFDQW DIWHU DGMXVWLQJ IRU PXOWLSOH FRQIRXQGHUV LQFOXGLQJ FDUGLRUHVSLUDWRU\
ILWQHVV
&RQFOXVLRQ%$,LVQRWDEHWWHUSUHGLFWRURIDOOFDXVHDQG&9'PRUWDOLW\ULVNWKDQ%0,ZDLVW
FLUFXPIHUHQFHRU%)



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,1752'8&7,21
7KH SUHYDOHQFH RI REHVLW\ DPRQJDGXOWV KDV UHDFKHGHSLGHPLF OHYHOVZRUOGZLGH  ,W LV
ZHOO NQRZQ WKDW RYHUZHLJKW DQG REHVLW\ DUH PDMRU ULVN IDFWRUV ZKLFK FDQ OHDG WR IXUWKHU
PRUELGLW\DQGPRUWDOLW\
%RG\ PDVV LQGH[ %0, DQG ZDLVW FLUFXPIHUHQFH DUH VWURQJ SUHGLFWRUV RI REHVLW\UHODWHG
PRUELGLW\DQGPRUWDOLW\'HVSLWHWKHLUOLPLWDWLRQVERWKDUHFRPPRQO\XVHGDVDGLSRVLW\
PHDVXUHV LQ ODUJH HSLGHPLRORJLFDO VWXGLHVZKHUH WKHXVHRIPRUH DFFXUDWHPHWKRGV VXFKDV
GXDOHQHUJ\;UD\ DEVRUSWLRPHWU\ ';$ K\GURVWDWLFZHLJKLQJ ELRHOHFWULFDO LPSHGDQFH RU
HYHQVNLQIROGWKLFNQHVVDUHOLPLWHGGXHWRLWVFRPSOH[LW\DQGRUFRVW
5HFHQWO\ %HUJPDQ HW DO SURSRVHG WKH ERG\ DGLSRVLW\ LQGH[ %$, DV D QHZ PHWKRG
LQWHQGHGWRVXEVWLWXWH%0,DVDQHVWLPDWHRISHUFHQWDJHERG\IDW%)ZLWKRXWUHTXLULQJD
PHDVXUH RI ERG\ZHLJKW 6HYHUDO YDOLGDWLRQ VWXGLHV KDYH DQDO\]HG WKH FRUUHODWLRQ EHWZHHQ
%$,DQG%)HVWLPDWHGE\DFFXUDWHJROGVWDQGDUGPHWKRGVVXFKDV';$PDJQHWLF
UHVRQDQFH LPDJLQJ ELRHOHFWULFDO LPSHGDQFH  DQG FRPSXWHG WRPRJUDSK\
0RUHRYHU RWKHU VWXGLHV KDYH H[DPLQHG WKH DVVRFLDWLRQV EHWZHHQ %$, DQG WUDGLWLRQDO DQG
QRYHOFDUGLRYDVFXODUGLVHDVH&9'ULVNIDFWRUV
7RRXUNQRZOHGJHWKHDVVRFLDWLRQEHWZHHQ%$,DQGPRUWDOLW\KDVQRWEHHQLQYHVWLJDWHG6XFK
DVWXG\LVQHHGHGWRGHWHUPLQHWKHSRWHQWLDOXVHRI%$,DVDPRUWDOLW\ULVNSUHGLFWRULQODUJH
HSLGHPLRORJLFDOVWXGLHV7KHUHIRUHWKHSXUSRVHRIWKLVVWXG\ZDVWRHYDOXDWHWKHDVVRFLDWLRQ
RI%$,ZLWKDOOFDXVHDQG&9'PRUWDOLW\ ULVN ,QDGGLWLRQZHDQDO\]HG WKHFURVVVHFWLRQDO
DVVRFLDWLRQVEHWZHHQ%$,DQGWUDGLWLRQDO&9'ULVNIDFWRUVLQDVDPSOHRIPHQSDUWLFLSDWLQJLQ
WKH$HURELFV&HQWHU/RQJLWXGLQDO6WXG\$&/6


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0(7+2'6$1'352&('85(6
6XEMHFWV
'DWDIRUWKLVUHSRUWZHUHIURPWKH$&/6DSURVSHFWLYHHSLGHPLRORJLFDOVWXG\RILQGLYLGXDOV
ZKR UHFHLYHG H[WHQVLYH SUHYHQWLYH PHGLFDO H[DPLQDWLRQV DW WKH &RRSHU &OLQLF LQ 'DOODV
7H[DV'HWDLOV RI WKH VWXG\ GHVLJQ DQG WKH FKDUDFWHULVWLFV RI WKH FRKRUW KDYH EHHQ UHSRUWHG
SUHYLRXVO\ 6WXG\ SDUWLFLSDQWV ZHUH UHIHUUHG E\ WKHLU HPSOR\HUV RU SK\VLFLDQV RU ZHUH
VHOIUHIHUUHG 7KH\ ZHUH PDLQO\ &DXFDVLDQ UHODWLYHO\ ZHOOHGXFDWHG DQG IURP PLGGOHWR
XSSHU VRFLRHFRQRPLF VWUDWD $IWHU UHFHLYLQJ FRPSOHWH LQIRUPDWLRQ DERXW WKH DLPV DQG
PHWKRGVRIWKHVWXG\DOOSDUWLFLSDQWVJDYHZULWWHQLQIRUPHGFRQVHQWIRUWKHH[DPLQDWLRQVDQG
IROORZXS7KHVWXG\SURWRFROZDVUHYLHZHGDQGDSSURYHGDQQXDOO\E\WKH&RRSHU,QVWLWXWH¶V
,QVWLWXWLRQDO5HYLHZ%RDUG
)RU WKH SUHVHQW DQDO\VLVZH LQFOXGHG DOOPHQZKR UHFHLYHG DW OHDVW PHGLFDO H[DPLQDWLRQ
EHWZHHQDQGDQGZLWKYDOLGGDWDIRUKLSFLUFXPIHUHQFH)RUPHQDWWHQGLQJPRUH
WKDQRQHH[DPLQDWLRQZHXVHGWKHILUVWH[DPLQDWLRQEDVHOLQH$PRQJPHQDJHG
\HDUVDWEDVHOLQHZHH[FOXGHGZLWKDKLVWRU\RIP\RFDUGLDO LQIDUFWLRQRUVWURNH
UHSRUWLQJFDQFHUZLWK%0,NJPDQGQRWUHDFKLQJRIWKHLUDJHSUHGLFWHG
PD[LPDOKDUWUDWHPLQXVDJHLQ\HDUVRQDPD[LPDOWUHDGPLOOH[HUFLVHWHVW,QDGGLWLRQ
PHQZLWKOHVVWKDQRQH\HDURIPRUWDOLW\IROORZXSZHUHH[FOXGHGWRPLQLPL]HSRWHQWLDO
ELDVGXHWRVHULRXVXQGHUO\LQJLOOQHVVRQPRUWDOLW\7KHILQDOVDPSOHFRPSULVHGPHQ
IRUDQDO\VHVRIDOOFDXVHDQG&9'PRUWDOLW\
&OLQLFDO([DPLQDWLRQ
7KH FOLQLFDO H[DPLQDWLRQ SURFHGXUHV DUH GHVFULEHG LQ GHWDLO HOVHZKHUH  %ULHIO\
ZHLJKW KHLJKW ZDLVW DQG KLS FLUFXPIHUHQFHV ZHUH PHDVXUHG ZLWK VWDQGDUG FOLQLFDO VFDOH
VWDGLRPHWHUDQGSODVWLFWDSHDFFRUGLQJWR$&/6VWDQGDUGSURFHGXUHV%0,ZDVFRPSXWHGDV
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ZHLJKW LQ NLORJUDPV GLYLGHG E\ KHLJKW LQPHWHUV VTXDUHG NJP DQG%$,ZDV FDOFXODWHG
DFFRUGLQJWR%HUJPDQHWDO¶VHTXDWLRQKLSFLUFXPIHUHQFHLQFPKHLJKWLQPHWHUV
%)ZDVDVVHVVHGXVLQJK\GURVWDWLFZHLJKLQJWKHVXPRIVHYHQVNLQIROGPHDVXUHVRUERWK
PHWKRGVIROORZLQJVWDQGDUGL]HGSURWRFROV'HWDLOHGGHVFULSWLRQRIRXUK\GURGHQVLWRPHWU\
SURFHGXUHV KDYH EHHQ SXEOLVKHG HOVHZKHUH0HQZHUH FODVVLILHG DFFRUGLQJ WR DGLSRVLW\
FDWHJRULHVXVLQJVWDQGDUGFOLQLFDOGHILQLWLRQVIRU%0, WRDVQRUPDOZHLJKWWR
DVRYHUZHLJKWDVREHVHDQGZDLVWFLUFXPIHUHQFHFPDVFHQWUDOREHVH
6LQFHWKHUHLVQRWDVSHFLILFDJUHHPHQWDERXWREHVLW\FXWRIISRLQWVIRU%$,DQG%)VSHFLILF
WHUWLOHVIURPWKLVSRSXODWLRQZHUHXVHG
5HVWLQJ EORRG SUHVVXUH ZDV PHDVXUHG LQ WKH VHDWHG SRVLWLRQ E\ WUDLQHG WHFKQLFLDQV XVLQJ
DXVFXOWDWRU\ PHWKRGV ZLWK PHUFXU\ VSK\JPRPDQRPHWHU DQG ZDV UHFRUGHG DV WKH ILUVW DQG
ILIWK .RURWNRII VRXQGV DIWHU  PLQXWHV RI VLWWLQJ TXLHWO\ 7ZR UHDGLQJV VHSDUDWHG E\ 
PLQXWHVZHUHDYHUDJHG,IWKHILUVWUHDGLQJVGLIIHUHGE\!PP+JDGGLWLRQDOUHDGLQJVZHUH
REWDLQHG DQG DYHUDJHG +\SHUWHQVLRQ ZDV GHILQHG DV V\VWROLF EORRG SUHVVXUH PP+J
GLDVWROLF EORRGSUHVVXUHPP+JRUD KLVWRU\RISK\VLFLDQGLDJQRVLV(OHFWURFDUGLRJUDP
(&*ZDVPHDVXUHGDWUHVWDQGZLWKH[HUFLVHDQGDEQRUPDO(&*UHVSRQVHVLQFOXGHGUK\WKP
DQG FRQGXFWLRQ GLVWXUEDQFHV DQG LVFKHPLF 677ZDYH DEQRUPDOLWLHV 6HUXP VDPSOHV ZHUH
DQDO\]HG IRU JOXFRVH DQG WRWDO FKROHVWHURO XVLQJ VWDQGDUGL]HG DXWRPDWHG ELRDVVD\V DW WKH
&RRSHU &OLQLF /DERUDWRU\ 'LDEHWHV PHOOLWXV ZDV GHILQHG DV IDVWLQJ SODVPD JOXFRVH
FRQFHQWUDWLRQ RI  PJG/ D KLVWRU\ RI SK\VLFLDQ GLDJQRVLV RU LQVXOLQ XVH
+\SHUFKROHVWHUROHPLD ZDV GHILQHG DV WRWDO FKROHVWHURO RI  PJG/ RU D KLVWRU\ RI
SK\VLFLDQGLDJQRVLV
3K\VLFDODFWLYLW\KDELWVFLJDUHWWHVPRNLQJKDELWDOFRKROLQWDNHDQGSDUHQWDOKLVWRU\RI&9'
ZHUH DVVHVVHG E\ VHOIUHSRUW RQ D PHGLFDO KLVWRU\ TXHVWLRQQDLUH 3K\VLFDOO\ LQDFWLYH ZDV
GHILQHGDVUHSRUWLQJQROHLVXUHWLPHSK\VLFDODFWLYLW\LQWKHPRQWKVEHIRUHWKHH[DPLQDWLRQ
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6PRNLQJ VWDWXV ZDV FODVVLILHG DV FXUUHQW VPRNHU RU QRQFXUUHQW VPRNHU +HDY\ DOFRKRO
FRQVXPSWLRQZDVHVWDEOLVKHGDV!XQLWVZHHN2QHXQLWRIDOFRKROLQWDNHZDVGHILQHGDVD
ERWWOHRUFDQRIEHHU>P/R]@DJODVVRIZLQH>P/R]@RUP/R]RI
KDUGOLTXRU3DUHQWDOKLVWRU\RI&9'ZDVGHILQHGDVWKHRFFXUUHQFHRIKHDUWDWWDFNVFRURQDU\
GLVHDVHDQJLRSODVW\RUVWURNHEHIRUHWKHDJHRI\HDUVLQHLWKHUIDWKHURUPRWKHU
&DUGLRUHVSLUDWRU\ ILWQHVV &5) ZDV TXDQWLILHG DV WKH WRWDO WLPH RI D V\PSWRPOLPLWHG
PD[LPDO WUHDGPLOO H[HUFLVH WHVW XVLQJ D PRGLILHG %DONH SURWRFRO  7RWDO WUHDGPLOO
HQGXUDQFHWLPHLQPLQXWHVRQWKLVSURWRFROFRUUHODWHVKLJKO\ZLWKPHDVXUHGPD[LPDOR[\JHQ
XSWDNH LQ PHQ U  7R VWDQGDUGL]H H[HUFLVH SHUIRUPDQFH ZH HVWLPDWHG PD[LPDO
PHWDEROLFHTXLYDOHQWV0(7V0(7 P/2XSWDNHSHUNLORJUDPSHUPLQXWHIURPWKH
ILQDOWUHDGPLOOVSHHGDQGJUDGH
9LWDOVWDWXV
$OO SDUWLFLSDQWV ZHUH IROORZHG IRU PRUWDOLW\ IURP WKH EDVHOLQH H[DPLQDWLRQ WR WKH GDWH RI
GHDWKRUWR'HFHPEHU'HDWKVZHUHLGHQWLILHGIURPWKH1DWLRQDO&HQWHUIRU+HDOWK
6WDWLVWLFV1DWLRQDO'HDWK ,QGH[ DQGRIILFLDO GHDWK FHUWLILFDWHV IURP WKHGHSDUWPHQWV RI YLWDO
UHFRUGVRIWKHYDULRXVVWDWHV7KHXQGHUO\LQJFDXVHRIGHDWKZDVGHWHUPLQHGE\DQRVRORJLVW
DFFRUGLQJWRWKH,QWHUQDWLRQDO&ODVVLILFDWLRQRI'LVHDVHV1LQWK(GLWLRQZLWK&9'GHILQHGDV
FRGHV  WR EHIRUH  DQG7HQWK(GLWLRQZLWK&9'GHILQHG DV FRGHV , WR ,
GXULQJWR7KH1DWLRQDO'HDWK,QGH[KDVEHHQVKRZQWREHDQDFFXUDWHPHWKRGRI
DVFHUWDLQLQJ GHDWKV LQ REVHUYDWLRQDO VWXGLHV ZLWK KLJK VHQVLWLYLW\  DQG VSHFLILFLW\

6WDWLVWLFDODQDO\VLV
'HVFULSWLYH DQDO\VHV VXPPDUL]HG EDVHOLQH FKDUDFWHULVWLFV RI WKH SDUWLFLSDQWV EDVHG RQ YLWDO
VWDWXVDQG%$,WHUWLOHV'LIIHUHQFHVEHWZHHQJURXSVZHUHWHVWHGXVLQJDQDO\VLVRIWKHYDULDQFH
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$129$ IRU FRQWLQXRXV YDULDEOHV DQG FKLVTXDUH WHVWV IRU FDWHJRULFDO YDULDEOHV 3DUWLDO
FRUUHODWLRQV EHWZHHQ ERG\ DGLSRVLW\PHDVXUHVZHUH FDOFXODWHG DIWHU FRQWUROOLQJ IRU DJHDQG
H[DPLQDWLRQ\HDU:HDOVRH[DPLQHG WKHDVVRFLDWLRQRIERG\DGLSRVLW\PHDVXUHVZLWK&9'
ULVN IDFWRUV XVLQJ OLQHDU UHJUHVVLRQ FRQWUROOLQJ IRU DJH DQG H[DPLQDWLRQ \HDU &R[
SURSRUWLRQDO KD]DUGV UHJUHVVLRQ DQDO\VLV WLPHVFDOH \HDUV ZDV XVHG WR HVWLPDWH PRUWDOLW\
UDWHV GHDWKVSHU PDQ\HDUV RI IROORZXS KD]DUG UDWLRV +5VDQG DVVRFLDWHG
FRQILGHQFH LQWHUYDOV  &,V IRU DOOFDXVH DQG &9' PRUWDOLW\ DFFRUGLQJ WR DGLSRVLW\
H[SRVXUH FDWHJRULHV IURP%$,%0,ZDLVW FLUFXPIHUHQFH DQG%) 7KH ORZHVW DGLSRVLW\
FDWHJRU\ ZDV XVHG DV WKH UHIHUHQFH FDWHJRU\ 7R DOORZ FRPSDULVRQV EHWZHHQ DGLSRVLW\
PHDVXUHVWKHUHVXOWVZHUHDOVRSUHVHQWHGDVVWDQGDUGL]HG+5VE\WUDQVIRUPLQJHDFKYDULDEOH
WRKDYHDPHDQRI]HURDQGD6'RI,QPXOWLYDULDEOHDQDO\VHVPRGHODFFRXQWHGIRUDJH
DQG H[DPLQDWLRQ \HDU 0RGHO  LQFOXGHG SK\VLFDO DFWLYLW\ VPRNLQJ KDELW DOFRKRO LQWDNH
DEQRUPDO(&*K\SHUFKROHVWHUROHPLDGLDEHWHVK\SHUWHQVLRQDQGSDUHQWDOKLVWRU\RI&9'DV
DGGLWLRQDO FRQIRXQGHUV 0RGHO  DGGLWLRQDOO\ DGMXVWHG IRU &5) 7KH SURSRUWLRQDO KD]DUGV
DVVXPSWLRQZDVH[DPLQHGE\FRPSDULQJWKHFXPXODWLYHKD]DUGSORWVJURXSHGRQH[SRVXUHQR
DSSUHFLDEOHYLRODWLRQVZHUHQRWHG$OO WKHDQDO\VHVZHUHSHUIRUPHGXVLQJ3$6:VWDWLVWLFDO
SDFNDJH YHUVLRQ  6366 ,QF &KLFDJR ,/ FRQVLGHULQJ 3 DV EHLQJ VWDWLVWLFDOO\
VLJQLILFDQW

5(68/76
'XULQJDQDYHUDJHIROORZXSRI\HDUVDQGPDQ\HDUVRIREVHUYDWLRQGHDWKV
RFFXUUHG  GXH WR&9'7KH FKDUDFWHULVWLFV RI WKH VWXG\SRSXODWLRQ E\YLWDO VWDWXV DQG
%$,WHUWLOHVDUHVKRZQLQ7DEOH'HFHGHQWVSUHVHQWHGVLJQLILFDQWO\KLJKHUYDOXHVDWEDVHOLQH
IRU DJH %) WRWDO FKROHVWHURO IDVWLQJ EORRG JOXFRVH V\VWROLF EORRG SUHVVXUH DV ZHOO DV
KLJKHU SUHYDOHQFH RI DEQRUPDO (&* DQG K\SHUWHQVLRQ 2Q WKH RWKHU KDQG GHFHGHQWV KDG
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VLJQLILFDQWO\ ORZHU YDOXHV IRU &5) $OO YDOXHV DQG SUHYDOHQFH UDWHV VKRZHG VLJQLILFDQW
GLIIHUHQFHVDPRQJ%$,WHUWLOHVH[FHSWIRUWKHSUHYDOHQFHRIKHDY\GULQNHUV
7DEOHKHUH
3DUWLDO FRUUHODWLRQV H[DPLQLQJ WKH DVVRFLDWLRQ DPRQJ ERG\ DGLSRVLW\ PHDVXUHPHQWV DIWHU
FRQWUROOLQJIRUDJHDQGH[DPLQDWLRQ\HDUDUHVKRZQLQ7DEOH$OWKRXJKDOOERG\DGLSRVLW\
PHDVXUHPHQWVZHUHSRVLWLYHO\FRUUHODWHG3%)ZDVPRUHVWURQJO\FRUUHODWHGZLWK
ZDLVWFLUFXPIHUHQFHU DQG%0,U WKDQ%$,U 
7DEOHKHUH
$FFRUGLQJ WR7DEOH DOOERG\ DGLSRVLW\PHDVXUHVZHUH VLJQLILFDQWO\ DVVRFLDWHGZLWK&9'
ULVNIDFWRUV DOO3([FHSWIRUV\VWROLFEORRGSUHVVXUHFRUUHODWLRQVEHWZHHQ%$,DQG
&9'ULVNIDFWRUVZHUHVOLJKWO\ZHDNHUWKDQIRU%0,ZDLVWFLUFXPIHUHQFHDQG%)$PRQJ
DOOWKHULVNIDFWRUV&5)VKRZHGWKHVWURQJHVWDVVRFLDWLRQZLWKDOODGLSRVLW\PHDVXUHPHQWV
7DEOHKHUH
7DEOH  VKRZV GHDWK UDWHV DQG+5V IRU DOOFDXVHPRUWDOLW\ DFFRUGLQJ WR  GLIIHUHQW VHWV RI
FRQIRXQGHUVPRGHOPRGHODQGPRGHO,QPRGHODOOFDXVHPRUWDOLW\ULVNZDVKLJKHU
IRU%0,EDVHGREHVHPHQ+5 &, FHQWUDOREHVHPHQ
DQGWKRVHLQWKHXSSHUWHUWLOHRI%)$OODGLSRVLW\PHDVXUHVVKRZHG
VLJQLILFDQWO\KLJKHU KD]DUG UDWLRV SHU  6' LQFUHDVH$IWHU DGGLWLRQDO DGMXVWPHQWV PRGHO 
DQGPRGHOWKHDVVRFLDWLRQEHWZHHQDGLSRVLW\VWDWXVDQGULVNRIDOOFDXVHPRUWDOLW\EHFDPH
QRWVLJQLILFDQWH[FHSWIRUWKHFHQWUDOREHVHSDUWLFLSDQWVLQPRGHO
7DEOHKHUH
7DEOHVKRZVGHDWKUDWHVDQG+5VIRU&9'PRUWDOLW\,QPRGHO&9'PRUWDOLW\ULVNZDV
KLJKHUIRUPHQLQWKHKLJKHVWFDWHJRU\RIDOODGLSRVLW\PHDVXUHPHQWV+5VUDQJHGIURP
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WR  $IWHU DGGLWLRQDO DGMXVWPHQWV PRGHO  DQG PRGHO  WKH DVVRFLDWLRQ EHWZHHQ
DGLSRVLW\VWDWXVDQGULVNRI&9'PRUWDOLW\EHFDPHQRWVLJQLILFDQW
7DEOHKHUH
7R IXUWKHU HYDOXDWH WKHSRVVLEOHELDVGXH WR VXEFOLQLFDOGLVHDVH DWEDVHOLQH DOO WKH DQDO\VHV
ZHUH UHSHDWHG H[FOXGLQJ SDUWLFLSDQWV ZLWK UHVWLQJ RU H[HUFLVH DEQRUPDO (&* DQG DOVR
H[FOXGLQJ GHDWKV WKDW RFFXUUHG GXULQJ WKH ILUVW  \HDUV RI IROORZXS 7KH UHVXOWV GLG QRW
VXEVWDQWLDOO\FKDQJHGDWDQRWVKRZQ

',6&866,21
7KHUHVXOWVRIWKHSUHVHQWUHSRUWVXJJHVWWKDWDPRQJPHQHQUROOHGLQWKH$&/6EHWZHHQ
DQG%$,LVQRWDEHWWHUSUHGLFWRUIRUDOOFDXVHDQG&9'PRUWDOLW\ULVNWKDQRWKHUERG\
DGLSRVLW\ PHDVXUHV VXFK DV %0, ZDLVW FLUFXPIHUHQFH RU %) )XUWKHUPRUH DVVRFLDWLRQV
EHWZHHQ%$,DQGWUDGLWLRQDO&9'ULVNIDFWRUVHJFKROHVWHUROJOXFRVHEORRGSUHVVXUHDQG
&5)DUHVOLJKWO\ZHDNHUWKDQIRU%0,ZDLVWFLUFXPIHUHQFHRU%)
7KH%$,KDVUHFHQWO\EHHQSURSRVHGE\%HUJPDQHWDOWRSURYLGHYDOLGGLUHFWHVWLPDWHV
RI%)7KHPHDQLQWUDLQGLYLGXDOGLIIHUHQFHEHWZHHQ%$,DQG%)LQRXUVWXG\ZDV
DQGLQORZHUPLGGOHDQGXSSHU%$,WHUWLOHVUHVSHFWLYHO\0RUHRYHU%)VKRZHG
DUHODWLYHO\KLJKHUFRUUHODWLRQZLWK%0,U DQGZDLVWFLUFXPIHUHQFHU WKDQ%$,
 6LPLODU UHVXOWV KDYH EHHQ IRXQG LQ VRPH %$, YDOLGDWLRQ VWXGLHV ZKHQ FRUUHODWLRQ
DQDO\VHVZHUHVH[VWUDWLILHG LQGLFDWLQJ WKDWFDOFXODWLRQRI%$,ZRXOGUHVXOW LQ OHVVDFFXUDWH
HVWLPDWHVRI%)
3UHYLRXVVWXGLHVKDYHVKRZHGDVWURQJDVVRFLDWLRQRI&9'ULVNIDFWRUVZLWKWUDGLWLRQDOERG\
DGLSRVLW\PHDVXUHVEXWWKHDVVRFLDWLRQZLWK%$,VHHPHGWREHZHDNHU
,QIDFWRQO\RQHVWXG\SHUIRUPHGLQZRPHQDJHG\HDUVZLWKIDPLOLDO
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SDUWLDOOLSRG\VWURSK\IRXQG%$,WREHPRUHVWURQJO\FRUUHODWHGZLWKOHSWLQWKDQ%0,U 
DQG U  UHVSHFWLYHO\ 2XU UHVXOWV DUH FRQVLVWHQW ZLWK SUHYLRXV ILQGLQJV UHSRUWLQJ
VLJQLILFDQWDVVRFLDWLRQVEHWZHHQDOODGLSRVLW\PHDVXUHVDQG&9'ULVNIDFWRUVHJFKROHVWHURO
JOXFRVH EORRG SUHVVXUH DQG &5) DQG VKRZLQJ VOLJKWO\ ZHDNHU DVVRFLDWLRQV ZLWK %$,
7KHUHIRUH %$, VHHPV QRW WR SURYLGH D PHDQLQJIXO DOWHUQDWLYH WR WUDGLWLRQDO DGLSRVLW\
PHDVXUHPHQWVDVD&9'ULVNLQGLFDWRU
7KHDVVRFLDWLRQRIREHVLW\ZLWKDOOFDXVHDQG&9'PRUWDOLW\LVZHOOHVWDEOLVKHG
,QRXUEHVW NQRZOHGJHQRSUHYLRXV VWXGLHVKDYH DQDO\]HG WKH DELOLW\RI%$, WRSUHGLFW DOO
FDXVHDQG&9'PRUWDOLW\$FFRUGLQJWRRXUUHVXOWV%$,LVQRWDJRRGSUHGLFWRURIPRUWDOLW\
ULVN,QGHHGRQO\PHQLQWKHXSSHU%$,WHUWLOHVKRZHGVWDWLVWLFDOO\KLJKHU&9'PRUWDOLW\ULVN
DIWHU DGMXVWLQJ IRU DJH DQG H[DPLQDWLRQ \HDU +RZHYHU PHQ LQ WKH KLJKHVW DGLSRVLW\
FDWHJRULHVIRU%0,ZDLVWFLUFXPIHUHQFHDQG%)SUHVHQWHGVWDWLVWLFDOO\KLJKHUULVNVRIDOO
FDXVHDQG&9'PRUWDOLW\DIWHUDGMXVWLQJIRUDJHDQGH[DPLQDWLRQ\HDU7KHODFNRIDFFXUDF\
RI%$,HVWLPDWLQJ%)DQGWKHIDFWWKDWLWGRHVQRWUHIOHFWIDWGLVWULEXWLRQZKLFKLVNQRZQWR
KDYHDODUJHLQIOXHQFHRQPRUWDOLW\ULVNLQPHQDQGURLGREHVLW\FRXOGSDUWLDOO\H[SODLQWKHVH
GLIIHUHQFHVEHWZHHQPRUWDOLW\DQGWKHDQDO\]HGERG\DGLSRVLW\PHDVXUHPHQWV
6HYHUDOVWXGLHVSURYLGHHYLGHQFHWKDW&5)VXEVWDQWLDOO\PRGLILHVWKHDVVRFLDWLRQRIDGLSRVLW\
PHDVXUHVZLWKPRUWDOLW\EXWQRSUHYLRXVVWXG\XVLQJ%$,LQFOXGHG&5)LQWKHLUDQDO\VLV
:HDQDO\]HGGLIIHUHQWVHWVRIFRQIRXQGHUVDQGLQWKHIXOO\DGMXVWHGPRGHOLQFOXGLQJ&5)
DOOWKHDVVRFLDWLRQVEHWZHHQREHVLW\DQGPRUWDOLW\EHFDPHQRWVLJQLILFDQW
7KH UHVXOWV RI WKH SUHVHQW DQDO\VLV VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ GXH WR VHYHUDO
OLPLWDWLRQV)LUVWVLQFHRXUVWXG\RQO\LQFOXGHG&DXFDVLDQZHOOHGXFDWHGPHQIURPPLGGOH
WRXSSHU VRFLRHFRQRPLF VWUDWD WKH UHVXOWV PD\ QRW EH H[WHQGHG WR RWKHU SRSXODWLRQV
+RZHYHUWKHKRPRJHQHLW\RIWKHVDPSOHHQKDQFHVLQWHUQDOYDOLGLW\RIRXUILQGLQJVEHFDXVHLW
UHGXFHV WKH OLNHOLKRRGRIFRQIRXQGLQJE\ WKHVHFKDUDFWHULVWLFV6HFRQG%)ZDVHVWLPDWHG
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IURP VNLQIROG PHDVXUHV RU K\GURVWDWLF ZHLJKLQJ HDFK RI ZKLFK KDV PHWKRGRORJLFDO
OLPLWDWLRQV 7KLUG DVZH RQO\ FRPSDUHG EDVHOLQH GDWD IRU H[SRVXUHV ZH GR QRW NQRZ
ZKHWKHUFKDQJHVLQDQ\RIWKHVHYDULDEOHVRFFXUUHGGXULQJIROORZXSDQGKRZWKDWPLJKWKDYH
LQIOXHQFHGWKHUHVXOWV+RZHYHUZHUHFHQWO\SXEOLVKHGDUHSRUWRQFKDQJHVLQZHLJKW%)
DQG&5)ZLWKDOOFDXVHDQG&9'PRUWDOLW\:KHQHDFKRI WKHVHH[SRVXUHVZHUHDGMXVW
IRUDOORWKHUH[SRVXUHVRQO\FKDQJHVLQ&5)ZHUHDVVRFLDWHGZLWKPRUWDOLW\)RXUWKWKHVPDOO
QXPEHURIGHDWKVGXULQJWKHIROORZXSSHULRGUHVWULFWHGWKHVWDWLVWLFDOSRZHURIWKHDQDO\VHV
)LQDOO\ ZH FRXOG QRW WDNH LQWR DFFRXQW GLHWDU\ IDFWRUV GXH WR ODFN RI DGHTXDWH GLHWDU\
LQIRUPDWLRQ'HVSLWHRIWKHVHOLPLWDWLRQVWKHPDLQVWUHQJWKVRIWKLVVWXG\LQFOXGHGWKHODUJH
ZHOOFKDUDFWHUL]HGFRKRUWRIPHQWKHSURVSHFWLYHGHVLJQRIWKHVWXG\WKHXVHRIWZRGLIIHUHQW
PRUWDOLW\RXWFRPHV WKHH[WHQVLYH IROORZXSSHULRGDQG WKHH[WHQVLYHEDVHOLQHH[DPLQDWLRQ
WKDWUHGXFHGWKHSRVVLEOHELDVRIVXEFOLQLFDOGLVHDVH
,QFRQFOXVLRQWKHILQGLQJVRIWKHSUHVHQWDQDO\VLVDGGLQIRUPDWLRQDERXWWKHQHZO\SURSRVHG
%$,VXJJHVWLQJWKDW%$,LVQRWDEHWWHUSUHGLFWRURIDOOFDXVHDQG&9'PRUWDOLW\ULVNLQPHQ
WKDQ WUDGLWLRQDODGLSRVLW\PHDVXUHV$OVRRXU UHVXOWV VKRZWKDW WKHDVVRFLDWLRQRI%$,ZLWK
&9'ULVNIDFWRUVLVUHODWLYHO\ZHDNHUWKDQIRU%0,ZDLVWFLUFXPIHUHQFHDQG%))XUWKHU
HSLGHPLRORJLFDOVWXGLHVH[DPLQLQJWKHXWLOLW\RI%$,LQRWKHUSRSXODWLRQVDQGZRPHQDUHVWLOO
QHHGHGIRUDEHWWHUXQGHUVWDQGLQJRIWKHYDOLGLW\RIWKLVQHZLQGH[

&RQIOLFWVRILQWHUHVWVWDWHPHQW
7KHDXWKRUVGHFODUHGQRFRQIOLFWRILQWHUHVW



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$FNQRZOHGJPHQWV
7KHDXWKRUV WKDQN WKH&RRSHU&OLQLFSK\VLFLDQVDQG WHFKQLFLDQVIRUFROOHFWLQJ WKHGDWDDQG
VWDIIDWWKH&RRSHU,QVWLWXWHIRUGDWDHQWU\DQGGDWDPDQDJHPHQW
7KLVZRUNZDVVXSSRUWHGE\³&RQVHOOHULDGH(GXFDFLyQGHOD*HQHUDOLWDW9DOHQFLDQD´
>%(67@6SDQLVK0LQLVWU\RI(GXFDWLRQ>(;@1DWLRQDO,QVWLWXWHV
RI +HDOWK >$* +/ 5'.@ DQG LQ SDUW E\ DQ XQUHVWULFWHG
UHVHDUFKJUDQWIURP7KH&RFD&ROD&RPSDQ\7KHFRQWHQWLVVROHO\WKHUHVSRQVLELOLW\
RI WKH DXWKRUV DQG GRHV QRW QHFHVVDULO\ UHSUHVHQW WKH RIILFLDO YLHZV RI WKH IXQGLQJ
LQVWLWXWLRQV
61%(*$DQG'08ZHUHUHVSRQVLEOHIRUWKHGHVLJQRIWKHVWXG\'&/DQG;6ZHUH
UHVSRQVLEOH IRU WKH GDWD H[WUDFWLRQ DQG (*$ '08 DQG 9(5 IRU WKH VWDWLVWLFDO
DQDO\VLV $OO DXWKRUV FKHFNHG WKH DQDO\VLV DQG ZHUH LQYROYHG LQ WKH GUDIWLQJ DQG
FULWLFDOUHYLVLRQRIWKHPDQXVFULSW$OODXWKRUVDSSURYHGWKHILQDOPDQXVFULSW61%LV
WKHJXDUDQWRU

5()(5(1&(6
 :+2 2EHVLW\ SUHYHQWLQJ DQG PDQDJLQJ WKH JOREDO HSLGHPLF 5HSRUW RI D :+2
FRQVXOWDWLRQ:RUOG+HDOWK2UJDQL]DWLRQWHFKQLFDOUHSRUWVHULHVL[LL
 )LQXFDQH006WHYHQV*$&RZDQ0-HWDO1DWLRQDOUHJLRQDODQGJOREDOWUHQGVLQ
ERG\PDVV LQGH[ VLQFH  V\VWHPDWLF DQDO\VLV RI KHDOWK H[DPLQDWLRQ VXUYH\V DQG
HSLGHPLRORJLFDO VWXGLHV ZLWK  FRXQWU\\HDUV DQG  PLOOLRQ SDUWLFLSDQWV /DQFHW

 +DVODP':-DPHV:32EHVLW\/DQFHW
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 *XK'3=KDQJ:%DQVEDFN1$PDUVL=%LUPLQJKDP&/$QLV$+7KHLQFLGHQFH
RIFRPRUELGLWLHV UHODWHG WRREHVLW\DQGRYHUZHLJKW D V\VWHPDWLF UHYLHZDQGPHWDDQDO\VLV
%0&SXEOLFKHDOWK
 $OOLVRQ '% )RQWDLQH .5 0DQVRQ -( 6WHYHQV - 9DQ,WDOOLH 7% $QQXDO GHDWKV
DWWULEXWDEOH WR REHVLW\ LQ WKH 8QLWHG 6WDWHV -$0$  WKH MRXUQDO RI WKH $PHULFDQ0HGLFDO
$VVRFLDWLRQ
 +X[OH\ 5 0HQGLV 6 =KHOH]Q\DNRY ( 5HGG\ 6 &KDQ - %RG\ PDVV LQGH[ ZDLVW
FLUFXPIHUHQFH DQG ZDLVWKLS UDWLR DV SUHGLFWRUV RI FDUGLRYDVFXODU ULVND UHYLHZ RI WKH
OLWHUDWXUH(XURSHDQMRXUQDORIFOLQLFDOQXWULWLRQ
 %HUULQJWRQGH*RQ]DOH]$+DUWJH3&HUKDQ-5HWDO%RG\PDVVLQGH[DQGPRUWDOLW\
DPRQJPLOOLRQZKLWHDGXOWV7KH1HZ(QJODQGMRXUQDORIPHGLFLQH
 :KLWORFN * /HZLQJWRQ 6 6KHUOLNHU 3 HW DO %RG\PDVV LQGH[ DQG FDXVHVSHFLILF
PRUWDOLW\ LQ   DGXOWV FROODERUDWLYH DQDO\VHV RI  SURVSHFWLYH VWXGLHV /DQFHW

 1RUJDQ1*/DERUDWRU\DQGILHOGPHDVXUHPHQWVRIERG\FRPSRVLWLRQ3XEOLFKHDOWK
QXWULWLRQ
 3UHQWLFH$0-HEE6$%H\RQGERG\PDVVLQGH[2EHVLW\UHYLHZVDQRIILFLDOMRXUQDO
RIWKH,QWHUQDWLRQDO$VVRFLDWLRQIRUWKH6WXG\RI2EHVLW\
 %HUJPDQ516WHIDQRYVNL'%XFKDQDQ7$HWDO$EHWWHU LQGH[RIERG\DGLSRVLW\
2EHVLW\
 )UHHGPDQ '6 7KRUQWRQ - 3L6XQ\HU ); HW DO 7KH ERG\ DGLSRVLW\ LQGH[ KLS
FLUFXPIHUHQFHKHLJKW LVQRWDPRUHDFFXUDWHPHDVXUHRIDGLSRVLW\ WKDQLV%0,ZDLVW
FLUFXPIHUHQFHRUKLSFLUFXPIHUHQFH2EHVLW\
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
 %DUUHLUD 79 6WDLDQR$(+DUULQJWRQ '0 HW DO $QWKURSRPHWULF FRUUHODWHV RI WRWDO
ERG\IDWDEGRPLQDODGLSRVLW\DQGFDUGLRYDVFXODUGLVHDVHULVNIDFWRUVLQDELUDFLDOVDPSOHRI
PHQDQGZRPHQ0D\R&OLQLFSURFHHGLQJV0D\R&OLQLF
 -RKQVRQ : &KXPOHD :& &]HUZLQVNL 6$ 'HPHUDWK (: &RQFRUGDQFH RI WKH
UHFHQWO\ SXEOLVKHG ERG\ DGLSRVLW\ LQGH[ ZLWK PHDVXUHG ERG\ IDW SHUFHQW LQ (XURSHDQ
$PHULFDQDGXOWV2EHVLW\
 *RGR\0DWRV$)0RUHLUD529DOHULR&00RU\3%0RLVHV56$QHZPHWKRGIRU
ERG\ IDW HYDOXDWLRQ ERG\ DGLSRVLW\ LQGH[ LV XVHIXO LQ ZRPHQ ZLWK IDPLOLDO SDUWLDO
OLSRG\VWURSK\2EHVLW\
 (OLVKD % 5DEDVD/KRUHW 5 0HVVLHU 9 $EGXOQRXU - .DUHOLV $' 5HODWLRQVKLS
EHWZHHQWKHERG\DGLSRVLW\ LQGH[DQGFDUGLRPHWDEROLFULVNIDFWRUV LQREHVHSRVWPHQRSDXVDO
ZRPHQ(XURSHDQMRXUQDORIQXWULWLRQ
 +XQJ&6<DQJ&<+VLHK+-:HL -10D:</L+<%0,&RUUHODWHV%HWWHU WR
9LVFHUDO)DWDQG,QVXOLQ6HQVLWLYLW\7KDQ%$,2EHVLW\
 6FKXO]H0%7KRUDQG%)ULWVFKH$HWDO%RG\DGLSRVLW\LQGH[ERG\IDWFRQWHQWDQG
LQFLGHQFHRIW\SHGLDEHWHV'LDEHWRORJLD
 /RSH] $$ &HVSHGHV 0/ 9LFHQWH 7 HW DO %RG\ DGLSRVLW\ LQGH[ XWLOL]DWLRQ LQ D
6SDQLVK 0HGLWHUUDQHDQ SRSXODWLRQ FRPSDULVRQ ZLWK WKH ERG\ PDVV LQGH[ 3OR6 RQH
H
 0DUTXHV9LGDO 3 :DHEHU * 9ROOHQZHLGHU 3 $QRWKHU EHWWHU LQGH[ RI DGLSRVLW\
2EHVLW\
 0DUWLQ %- 9HUPD 6 &KDUERQQHDX ) 7LWOH /0 /RQQ (0 $QGHUVRQ 7- 7KH
5HODWLRQVKLS %HWZHHQ $QWKURSRPHWULF ,QGH[HV RI $GLSRVLW\ DQG 9DVFXODU )XQFWLRQ LQ WKH
)$7(&RKRUW2EHVLW\
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
 6QLMGHU 0% 1LFRODRX 0 YDQ 9DONHQJRHG ,* %UHZVWHU /0 6WURQNV . 1HZO\
3URSRVHG %RG\ $GLSRVLW\ ,QGH[ %$, E\ %HUJPDQ HW DO ,V 1RW 6WURQJO\ 5HODWHG WR
&DUGLRYDVFXODU+HDOWK5LVN2EHVLW\
 GH /LPD -*1REUHJD /+ GH 6RX]D$% %RG\ DGLSRVLW\ LQGH[ LQGLFDWHV RQO\ WRWDO
DGLSRVLW\QRWULVN2EHVLW\
 %ODLU61.RKO+:UG3DIIHQEDUJHU56-U&ODUN'*&RRSHU.+*LEERQV/:
3K\VLFDO ILWQHVV DQG DOOFDXVH PRUWDOLW\ $ SURVSHFWLYH VWXG\ RI KHDOWK\ PHQ DQG ZRPHQ
-$0$
 6XL ; /D0RQWH 0- /DGLWND -1 HW DO &DUGLRUHVSLUDWRU\ ILWQHVV DQG DGLSRVLW\ DV
PRUWDOLW\SUHGLFWRUVLQROGHUDGXOWV-$0$WKHMRXUQDORIWKH$PHULFDQ0HGLFDO$VVRFLDWLRQ

 /HH&'%ODLU61-DFNVRQ$6&DUGLRUHVSLUDWRU\ILWQHVVERG\FRPSRVLWLRQDQGDOO
FDXVHDQGFDUGLRYDVFXODUGLVHDVHPRUWDOLW\LQPHQ7KH$PHULFDQMRXUQDORIFOLQLFDOQXWULWLRQ

 -DFNVRQ$63ROORFN0/3UDFWLFDO$VVHVVPHQWRI%RG\&RPSRVLWLRQ3K\VLFLDQ6SRUW
0HGLFLQH
 ([SHUW 3DQHO RQ 'HWHFWLRQ ( 7UHDWPHQW RI +LJK %ORRG &KROHVWHURO LQ $GXOWV
([HFXWLYHVXPPDU\RI WKHWKLUG UHSRUWRI WKHQDWLRQDOFKROHVWHUROHGXFDWLRQSURJUDPQFHS
H[SHUWSDQHORQGHWHFWLRQHYDOXDWLRQDQGWUHDWPHQWRIKLJKEORRGFKROHVWHUROLQDGXOWVDGXOW
WUHDWPHQWSDQHOLLL-$0$7KH-RXUQDORIWKH$PHULFDQ0HGLFDO$VVRFLDWLRQ

 %ODLU61*RRG\HDU11*LEERQV/:&RRSHU.+3K\VLFDOILWQHVVDQGLQFLGHQFHRI
K\SHUWHQVLRQLQKHDOWK\QRUPRWHQVLYHPHQDQGZRPHQ-$0$WKHMRXUQDORIWKH$PHULFDQ
0HGLFDO$VVRFLDWLRQ
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
 %DONH%:DUH5:$QH[SHULPHQWDOVWXG\RISK\VLFDOILWQHVVRI$LU)RUFHSHUVRQQHO
8QLWHG6WDWHV$UPHG)RUFHVPHGLFDOMRXUQDO
 3ROORFN 0/ %RKDQQRQ 5/ &RRSHU .+ HW DO $ FRPSDUDWLYH DQDO\VLV RI IRXU
SURWRFROVIRUPD[LPDOWUHDGPLOOVWUHVVWHVWLQJ$PHULFDQKHDUWMRXUQDO
 7KRPSVRQ:5 *RUGRQ 1) 3HVFDWHOOR /6 $PHULFDQ &ROOHJH RI 6SRUWV0HGLFLQH
$&60
V JXLGHOLQHV IRU H[HUFLVH WHVWLQJ DQG SUHVFULSWLRQ WK HGQ :ROWHUV .OXZHU
+HDOWK/LSSLQFRWW:LOOLDPV	:LONLQV3KLODGHOSKLD
 6WDPSIHU 0- :LOOHWW :& 6SHL]HU )( HW DO 7HVW RI WKH 1DWLRQDO 'HDWK ,QGH[
$PHULFDQMRXUQDORIHSLGHPLRORJ\
 GH.RQLQJ/0HUFKDQW$73RJXH-$QDQG66:DLVWFLUFXPIHUHQFHDQGZDLVWWRKLS
UDWLRDVSUHGLFWRUVRIFDUGLRYDVFXODUHYHQWVPHWDUHJUHVVLRQDQDO\VLVRISURVSHFWLYHVWXGLHV
(XURSHDQKHDUWMRXUQDO
 *HOEHU 53 *D]LDQR -0 2UDY (- 0DQVRQ -( %XULQJ -( .XUWK 7 0HDVXUHV RI
REHVLW\DQGFDUGLRYDVFXODUULVNDPRQJPHQDQGZRPHQ-RXUQDORIWKH$PHULFDQ&ROOHJHRI
&DUGLRORJ\
 )OHJDO .0 *UDXEDUG %, :LOOLDPVRQ ') *DLO 0+ &DXVHVSHFLILF H[FHVV GHDWKV
DVVRFLDWHGZLWKXQGHUZHLJKW RYHUZHLJKW DQGREHVLW\-$0$  WKH MRXUQDO RI WKH$PHULFDQ
0HGLFDO$VVRFLDWLRQ
 3LVFKRQ7%RHLQJ++RIIPDQQ.HWDO*HQHUDODQGDEGRPLQDODGLSRVLW\DQGULVNRI
GHDWKLQ(XURSH7KH1HZ(QJODQGMRXUQDORIPHGLFLQH
 )RJHOKROP03K\VLFDODFWLYLW\ ILWQHVVDQGIDWQHVV UHODWLRQV WRPRUWDOLW\PRUELGLW\
DQG GLVHDVH ULVN IDFWRUV $ V\VWHPDWLF UHYLHZ2EHVLW\ UHYLHZV  DQ RIILFLDO MRXUQDO RI WKH
,QWHUQDWLRQDO$VVRFLDWLRQIRUWKH6WXG\RI2EHVLW\
 $PHULFDQ &ROOHJH RI 6SRUWV 0HGLFLQH $&60
V JXLGHOLQHV IRU H[HUFLVH WHVWLQJ DQG
SUHVFULSWLRQWKHGQ/LSSLQFRWW:LOOLDPV	:LONLQV3KLODGHOSKLD3D
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
 /HH'&6XL;$UWHUR(* HW DO/RQJWHUPHIIHFWV RI FKDQJHV LQ FDUGLRUHVSLUDWRU\
ILWQHVV DQG ERG\PDVV LQGH[ RQ DOOFDXVH DQG FDUGLRYDVFXODU GLVHDVHPRUWDOLW\ LQPHQ WKH
$HURELFV&HQWHU/RQJLWXGLQDO6WXG\&LUFXODWLRQ

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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
7DEOH  %DVHOLQH FKDUDFWHULVWLFV RI SDUWLFLSDQWV E\ YLWDO VWDWXV DQG ERG\ DGLSRVLW\ LQGH[
%$,WHUWLOHV

7DEOH3DUWLDOFRUUHODWLRQVH[DPLQLQJWKHDVVRFLDWLRQEHWZHHQERG\DGLSRVLW\PHDVXUHPHQWV
DIWHUFRQWUROOLQJIRUDJHDQGH[DPLQDWLRQ\HDU

7DEOH  6WDQGDUGL]HG UHJUHVVLRQ FRHIILFLHQWV H[DPLQLQJ WKH DVVRFLDWLRQ RI ERG\ DGLSRVLW\
LQGH[ %$,ERG\PDVV LQGH[ %0,ZDLVWFLUFXPIHUHQFHDQGSHUFHQWDJHRIERG\ IDWZLWK
FDUGLRYDVFXODUGLVHDVHULVNIDFWRUV

7DEOH0RUWDOLW\UDWHVDQGKD]DUGUDWLRVIRUDOOFDXVHPRUWDOLW\

7DEOH0RUWDOLW\UDWHVDQGKD]DUGUDWLRVIRUFDUGLRYDVFXODUGLVHDVH&9'PRUWDOLW\


Page 19 of 27



7D
EOH

%
DVH
OLQ
HF
KD
UDF
WHU
LVW
LFV
RI
SD
UWLF
LSD
QWV
E\
YL
WDO
VW
DWX
VD
QG
ER
G\
DG
LSR
VLW
\L
QG
H[
%
$,
WH
UWL
OHV


9L
WDO
VW
DWX
V

%$
,
WHU
WLOH
V
&K
DU
DF
WHU
LVW
LF
6X
UYL
YR
UV
Q 



'H
FHG
HQ
WV
Q 


3
YD
OXH
D 

/R
ZH
U
Q 



0L
GG
OH
Q 



8S
SH
U
Q 



3
YD
OXH
D 
$J
H
\H
DUV





























%R
G\
P
DVV
LQ
GH
[
NJ
P
 



























:
DLV
WF
LUF
XP
IHU
HQ
FH
FP































%$
,





























%
)



























7U
HD
GP
LOO
WLP
H
PL
Q



























0D
[LP
DO
PH
WDE
ROL
FH
TX
LYD
OHQ
WV



























7R
WDO
FK
ROH
VWH
URO
P
JG
/

































)D
VWL
QJ
EO
RR
GJ
OXF
RVH
P
JG
/

































%O
RR
GS
UHV
VXU
H
PP
+J









6\
VWR
OLF

































'L
DVW
ROL
F




























3K
\VL
FD
OO\
LQ
DFW
LYH
1
R

E 































&X
UUH
QW
VP
RN
HUV
1
R

































+H
DY
\G
ULQ
NH
UV
1
R

F 































%D
VHO
LQH
P
HG
LFD
OF
RQ
GLW
LRQ
V
1R










$E
QR
UP
DO
(&
*G































+\
SH
UFK
ROH
VWH
URO
HP
LDH

































'L
DE
HWH
VP
HOO
LWX
VI 




























+\
SH
UWH
QVL
RQ
J 
































3D
UHQ
WDO
KL
VWR
U\
RI
&9
'
1
R

































Pa
ge
 2
0 
of
 2
7


       
9D
OXH
VD
UH
PH
DQ
V
VWD
QG
DUG
GH
YLD
WLR
QV
RU
QX
PE
HUV
S
HUF
HQ
WDJ
H

%)
LQ
GLF
DWH
VS
HUF
HQ
WDJ
HR
IE
RG
\I
DW
&
9'
LQ
GLF
DWH
VF
DUG
LRY
DVF
XOD
U
GLV
HD
VH

D $
QD
O\V
LV
RI
WKH
YD
ULD
QF
H
$1
29
$
IR
UF
RQ
WLQ
XR
XV
YD
ULD
EOH
VD
QG
FK
LV
TX
DUH
WH
VWV
IR
UF
DWH
JR
ULF
DO
YD
ULD
EOH
V
E '
HIL
QH
GD
VU
HS
RUW
LQJ
QR
SK
\VL
FD
OD
FWL
YLW
\G
XUL
QJ
OH
LVX
UH
WLP
HL
QW
KH

PR
QWK
VE
HIR
UH
WKH
H[
DP
LQD
WLR
Q
F '
HIL
QH
GD
V!

XQ
LWV
Z
HHN

G $
EQ
RUP
DO
UHV
WLQ
JR
UH
[H
UFL
VH
HOH
FWU
RF
DUG
LRJ
UDP

H '
HIL
QH
GD
VW
RWD
OF
KR
OHV
WHU
RO


P
JG
/R
US
UHY
LRX
VS
K\
VLF
LDQ
GL
DJ
QR
VHG
K\
SH
UFK
ROH
VWH
URO
HP
LD

I '
HIL
QH
GD
VI
DVW
LQJ
EO
RR
GJ
OXF
RVH


P
JG
/
SUH
YLR
XV
SK
\VL
FLD
QG
LDJ
QR
VHG
GL
DE
HWH
VR
UX
VH
RI
LQV
XOL
Q
J '
HIL
QH
GD
VU
HVW
LQJ
EO
RR
GS
UHV
VXU
H


P
P+
JR
US
UHY
LRX
VS
K\
VLF
LDQ
GL
DJ
QR
VHG
K\
SH
UWH
QV
LRQ

Pa
ge
 2
1 
of
 2
7


7DEOH3DUWLDOFRUUHODWLRQVH[DPLQLQJWKHDVVRFLDWLRQEHWZHHQERG\DGLSRVLW\PHDVXUHPHQWV
DIWHUFRQWUROOLQJIRUDJHDQGH[DPLQDWLRQ\HDU
 %$, %0, :DLVW %)
%$,    
%0,    
:DLVW    
%)    
%$,LQGLFDWHVERG\DGLSRVLW\LQGH[%0,LQGLFDWHVERG\PDVV
LQGH[ZDLVWLQGLFDWHVZDLVWFLUFXPIHUHQFH%)LQGLFDWHV
SHUFHQWDJHRIWRWDOERG\IDW
$OOFRUUHODWLRQVZHUHVWDWLVWLFDOO\VLJQLILFDQWDW3


Page 22 of 27


7D
EOH

6
WDQ
GD
UGL
]H
G
UHJ
UHV
VLR
Q
FR
HII
LFL
HQ
WV
H[
DP
LQL
QJ
WK
H
DVV
RF
LDW
LRQ
R
IE
RG
\
DG
LSR
VLW
\
LQG
H[
%
$,

ER
G\
P
DVV
LQ
GH
[
%
0,

ZD
LVW

FLU
FX
PI
HUH
QF
HD
QG
SH
UFH
QWD
JH
RI
ER
G\
ID
WZ
LWK
FD
UGL
RY
DVF
XOD
UG
LVH
DVH
ULV
NI
DF
WRU
V

%R
G\
$
GLS
RVL
W\
,Q
GH
[
%$
,

%R
G\
0
DV
V,
QG
H[
%
0
,
'H
SH
QG
HQ
WY
DUL
DE
OH
5

ȕ
U
5
FK
DQ
JH


5

ȕ
U
5
FK
DQ
JH

7R
WDO
FK
ROH
VWH
URO


























)D
VWL
QJ
EO
RR
GJ
OXF
RVH


























6\
VWR
OLF
EO
RR
GS
UHV
VX
UH

























'L
DVW
ROL
FE
ORR
GS
UHV
VXU
H

























&D
UGL
RUH
VS
LUD
WRU
\I
LWQ
HVV
D 


























:
DLV
W&
LUF
XP
IHU
HQ
FH

3H
UF
HQ
WDJ
HR
IE
RG
\I
DW
7R
WDO
FK
ROH
VWH
URO


























)D
VWL
QJ
EO
RR
GJ
OXF
RVH


























6\
VWR
OLF
EO
RR
GS
UHV
VX
UH

























'L
DVW
ROL
FE
ORR
GS
UHV
VXU
H

























&D
UGL
RUH
VS
LUD
WRU
\I
LWQ
HVV
D 

























$O
OD
QD
O\V
HV
DG
MXV
WHG
IR
UD
JH
DQ
GE
DVH
OLQ
HH
[D
PL
QD
WLR
Q\
HD
UE
LQ
GLF
DWH
VP
XOW
LSO
HU
HJ
UHV
VLR
QF
RH
IIL
FLH
QWV
U
LQG
LFD
WHV

SD
UWLD
OF
RUU
HOD
WLR
QV
5
 D
QG
5
 F
KD
QJ
HL
QG
LFD
WH
FR
HII
LFL
HQ
WV
RI
GH
WHU
PL
QD
WLR
Q
$O
OWK
HD
VVR
FLD
WLR
QV
ZH
UH
VLJ
QLI
LFD
QW
DW
3



D 0
D[
LP
DO
PH
WDE
ROL
FH
TX
LYD
OHQ
WV
0
(7
V

Pa
ge
 2
3 
of
 2
7



7D
EOH

0
RUW
DOL
W\
UDW
HV
DQ
GK
D]D
UG
UDW
LRV
IR
UD
OOF
DX
VH
PR
UWD
OLW\


'H
DWK
V
Q
0
DQ
\H
DUV

0R
UWD
OLW\

UDW
HD

+D
]D
UG
UDW
LR


&,


0R
GH
O
E 
0
RG
HO
F

0R
GH
O
G 
%$
,






/R
Z












5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W
0L
GG
OH













±






±






±



8S
SH
U













±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



%0
,










NJ
P
 












5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W




NJ
P
 













±






±






±





NJ
P
 












±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



:
DLV
WF
LUF
XP
IHU
HQ
FH








FP














5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W


FP













±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



%
)






/R
Z












5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W
0L
GG
OH













±






±






±



8S
SH
U













±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



Pa
ge
 2
4 
of
 2
7



%$
,LQ
GLF
DWH
VE
RG
\D
GLS
RVL
W\
LQG
H[
%
0,
LQ
GLF
DWH
VE
RG
\P
DVV
LQ
GH
[
6'
LQ
GLF
DWH
VV
WDQ
GD
UG
GH
YLD
WLR
Q
%
)L
QG
LFD
WHV
SH
UFH
QWD
JH

ER
G\
ID
W
D 3
HU


P
DQ
\H
DUV
D
GMX
VWH
GI
RU
DJ
HD
QG
H[
DP
LQD
WLR
Q\
HDU

E $
GMX
VWH
GI
RU
DJ
HD
QG
H[
DP
LQD
WLR
Q\
HD
U
F $
GMX
VWH
GI
RU
PR
GH
O
SO
XV
SK
\VL
FDO
DF
WLY
LW\
D
FWL
YH
RU
LQ
DFW
LYH
V
PR
NLQ
J
FX
UUH
QW
VP
RN
HU
RU
QR
W
DOF
RK
RO
LQW
DN
H
!
X
QLW
VZ
HH
N
RU
QR
W
DE
QR
UP
DO
HOH
FWU
RF
DUG
LRJ
UDP
K
\S
HUF
KR
OHV
WHU
ROH
PL
D
K\
SH
UWH
QVL
RQ
DQ
GG
LDE
HWH
V
SUH
VHQ
WR
UQ
RW
IRU
HD
FK
D
QG
SD
UHQ
WDO

KLV
WRU
\R
I&
9'

G $
GMX
VWH
GI
RU
PR
GH
O
SO
XV
FD
UGL
RUH
VSL
UDW
RU\
ILW
QH
VV
WU
HDG
PL
OOW
HVW
GX
UDW
LRQ
LQ
P
LQX
WHV

      
Pa
ge
 2
5 
of
 2
7



7D
EOH

0
RUW
DOL
W\
UDW
HV
DQ
GK
D]D
UG
UDW
LRV
IR
UF
DUG
LRY
DVF
XOD
UG
LVH
DVH
&
9'
P
RUW
DOL
W\


'H
DWK
V
Q
0
DQ
\H
DUV

0R
UWD
OLW\

UDW
HD

+D
]D
UG
UDW
LR


&,


0R
GH
O
E 
0
RG
HO
F

0R
GH
O
G 
%$
,






/R
Z











5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W
0L
GG
OH












±






±






±



8S
SH
U












±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



%0
,










NJ
P
 











5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W




NJ
P
 












±






±






±





NJ
P
 












±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



:
DLV
WF
LUF
XP
IHU
HQ
FH








FP














5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W


FP













±






±






±



3H
U
6'
LQ
FUH
DVH







±






±






±



%
)






/R
Z











5H
IHU
HQ
W


5H
IHU
HQ
W


5H
IHU
HQ
W
0L
GG
OH












±






±






±



8S
SH
U












±






±






±



3H
U
6'
LQ
FUH
DVH








±





±






±



Pa
ge
 2
6 
of
 2
7



%$
,LQ
GLF
DWH
VE
RG
\D
GLS
RVL
W\
LQG
H[
%
0,
LQ
GLF
DWH
VE
RG
\P
DVV
LQ
GH
[
6'
LQ
GLF
DWH
VV
WDQ
GD
UG
GH
YLD
WLR
Q
%
)L
QG
LFD
WHV
SH
UFH
QWD
JH

ER
G\
ID
W
D 3
HU


P
DQ
\H
DUV
D
GMX
VWH
GI
RU
DJ
HD
QG
H[
DP
LQD
WLR
Q\
HD
U
E $
GMX
VWH
GI
RU
DJ
HD
QG
H[
DP
LQD
WLR
Q\
HD
U
F $
GMX
VWH
GI
RU
PR
GH
O
SO
XV
SK
\VL
FDO
DF
WLY
LW\
D
FWL
YH
RU
LQ
DFW
LYH
V
PR
NLQ
J
FX
UUH
QW
VP
RN
HU
RU
QR
W
DOF
RK
RO
LQW
DN
H
!
X
QLW
VZ
HH
N
RU
QR
W
DE
QR
UP
DO
HOH
FWU
RF
DUG
LRJ
UDP
K
\S
HUF
KR
OHV
WHU
ROH
PL
D
K\
SH
UWH
QVL
RQ
DQ
GG
LDE
HWH
V
SUH
VHQ
WR
UQ
RW
IRU
HD
FK
D
QG
SD
UHQ
WDO

KLV
WRU
\R
I&
9'

G $
GMX
VWH
GI
RU
PR
GH
O
SO
XV
FD
UGL
RUH
VSL
UDW
RU\
ILW
QH
VV
WU
HDG
PL
OOW
HVW
GX
UDW
LRQ
LQ
P
LQX
WHV

 
Pa
ge
 2
7 
of
 2
7
